I. Introduction
Ever since the scattering cancellation technique was proposed in 2005 (1) , there have been a keen interest of the photonics community and significant studies investigating its intriguing mechanisms and promising applications for different kinds of waves including, but not limited to, microwaves (2) , optics (3), elastodynamics (4, 5) , acoustics (6) (7) (8) , thermal (9) , or matter (10) . Soon afterwards, Pendry and coauthors proposed in 2006 first theoretically (11) and then experimentally, to cover a copper disc of 25 mm radius with a cylindrical coating made of split ring resonators, carefully tailored, to make the medium heterogeneous in a way to curve the path of light in it. In fact, one says that an object is invisible, if it does not modify (or little) the wave-field, in which it is embedded (12) . One speaks of transparency, if the object itself possesses these properties, and of cloaking, if it is surrounded by a device that offers the same functionality. In this way, invisibility cloaks guide waves around the considered area by creating a hole in the space metric. A related, quite different technique was proposed in the same time by Leonhardt on conformal mapping based cloaking (13) . Several other cloaking mechanisms have been put forward in recent years. These range from active cloaking based on anomalous localized resonances (14, 15) , homogenization-based cloaking (16, 17) , or waveguide theory (18) .
When it comes to heat waves, the design of convenient invisibility devices is of paramount importance due to potential applications related to heat exchange, power integration, microelectronics, and even green-building construction or defense (19) .
Both transformation optics (TO), anomalous resonance (AR), and scattering cancellation techniques (SCT) were applied towards this goal (20) (21) (22) (23) (24) (25) (26) (27) (28) . In particular, SCT offers simpler designs than the aforementioned approaches, when the size of the objects is smaller than or comparable to the wavelength and the dipole approximation applies (29) . In this scenario, isotropic layers of specific diffusivity are sufficient to cancel the first-order scattering and thus significantly reduce the scattering cross-section (or radar cross-section) of the core-shell system. It was even shown that mantle cloaks, i.e. ultra-thin layers, can mimic invisibility for such kind of waves (30) (31) (32) (33) .
In this work, we propose to generalize the concepts of SCT and mantle cloaking to the field of heat waves obeying the Maxwell-Cattaneo equation (34, 35) . The Fourier transfer law of heat gives rise to a parabolic equation that results in instantaneous propagation speeds, which is an unphysical, as is the case with classical mechanics (36) . This inconsistency is solved in the latter case by the theory of special relativity (37) . Maxwell-Cattaneo law in this sense is a generalization of the Fourier law that results in hyperbolic equations, and therefore finite speeds of propagation. In the following sections, we discuss the details of the cloak design, the physical mechanisms of this scattering cancellation mechanism, and its mantle cloaking realization in the framework of Maxwell-Cattaneo heat waves.
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II. Dispersion Mechanism of Maxwell-Cattaneo Waves
II.1. Maxwell-Cattaneo Equation
Thanks to all the aforementioned advantages, we propose, in this work to apply the SCT to heat waves, using the Maxwell-Cattaneo formalism. As a matter of fact, when the Fourier law is used to describe the heat transfer, i.e., Thus, any initial disturbance in the medium (or object) is propagated instantly, due to the parabolic nature of the equation (36) . In order to circumvent this apparent unphysical situation, one can use instead the Maxwell-Cattaneo law, which is one of various widely accepted modifications of the Fourier law (35). It takes the form
with 0  being the thermal relaxation time (in the order of picoseconds for metals).
The additional term 0 t   accounts for thermal inertia, which avoids the so-called phenomenon of infinite propagation. It is also necessary to add another corrective term that accounts for flux diffusion. The Maxwell-Cattaneo equation, as abovedescribed, takes therefore the final form of a system of coupled partial differential equations (PDEs)
can be re-written as
with  being the Dirac distribution representing the source term and  accounting for the diffusive phenomena.
II.2. Dispersion Relation of the Maxwell-Cattaneo Equation
Assuming a time harmonic incident wave, i.e. proportional to can be defined as
. This means that 0 k is a complex number for all frequencies, which is markedly different from classical heat waves (Fourier transfer) or even diffusive waves (or diffuse photon density waves, DPDWs) that possess complex wavenumbers in specific frequency ranges. This phenomenon is quite understandable, since one expects new physics, to be at play. 
III. Scattering Cancellation for the Maxwell-Cattaneo Equation
III.1. Set-up of the Scattering Problem
We now move to the derivation and analysis of the scattering problem in the framework of Maxwell-Cattaneo heat waves. We assume that incident waves are plane waves (which is a good approximation for spherical waves far away from the source). These plane waves impinge on the core-shell system (spherical object and shell, schematized in Fig. 1(a) ) and shown in the x-z plane. The geometrical and physical parameters of the object and the cloak are identified using subscripts 1 and 2, respectively, while free-space parameters have subscript 0 (k0 as wavenumber in free-space, for example). We further make the assumption that the origin of the spherical coordinates lies in the center of the object, without loss of generality. It is thus possible to find solutions to Eq. (5) By denoting the scattering coefficients in a more convenient form, i.e., 
one finds that 
In these determinants, the wavenumbers 
where one ignores the extra absorption term corresponding to DPDWs.
III.2. Ideal Cloaking Conditions
Now, we are in a position to compute both analytically and numerically the scattering cross-section (SCS) of the system sc  , which represents the quantity that can be measured by a radar device, placed far away from the structure. In a sense, this scalar physical parameter quantifies how visible (or equivalently invisible) an object or a collection of objects may be visible to external observer. In order to render an object completely opaque, one must consider instead the extinction cross-section that contains both scattering and absorption, but this goes beyond the scope of this study. The SCS is given by 
To make an object invisible or transparent, it is straightforward to see that one needs to have sc 0 . But this is an impossible task since the SCS involves an infinite number of terms. 
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A more realistic task is to cancel the first few leading order terms present in Eq.
(7). This does not render an object invisible, but in the quasi-static limit, this substantially reduces scattering and is a viable way to realize near-perfect invisibility, since only the first (dominant) terms contribute non-negligibly to the scattering. When the dimension of the system is smaller than the wavelength, 
with, 
III.3. Scattering Cancellation Technique
The considered geometry is shown in Fig. 1 (white dot in the Fig. 3(a)  is obtained for all angles, by using the cloaking shell. The near-field plot of the temperature field, is further given in Fig. 3(d) , in the presence of the same coreshell structure for 01 0.5 ka  , and shows no perturbation of the amplitude of the field in the vicinity of the cloaked object, thus demonstrating the robustness of the SCS for such kind of waves. 
IV. Mantle Cloaking
Mantle cloaking was shown to make possible considerable scattering reduction for several kinds of waves (7, 24, 25, 30) 
V. Conclusions
In summary, this study presented the first demonstration of scattering cancellation cloaking for heat waves obeying the Maxwell-Cattaneo transfer law, which permits to avoid unphysical features associated with Fourier transfer law, such as instantaneous diffusion. Both SCT and mantle cloaking were analyzed for this kind of waves and shown to result in near-perfect invisibility, in all directions. The farfield and near-field numerical calculations demonstrate the robustness of such thin cloaks, which are also easy to fabricate, due to the isotropy and homogeneity of the cloaking shells, unlike TO-based cloaks.
